Gold King Mine Release —
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Animas and San Juan Rivers
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The GKM Plume traveled as a coherent mass with
beginning and end that could be observed and
measured throughout the Animas River and
through o portion of the San Juan River

GKM Plume Movement
Through the River System

— How did the plume move?
— How was water quality affected?
— What was potential exposure?

ED_004888_00048674-00002



B

%

%

w

E

Methods for quantifying metal mass in the GKM plume

Plume characteristics and travel time
Woater quality characteristics during plume travel
Geochemical reactions and transformations

Exposure potential associated with metals concentrations
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Team of ORD scientists with multidisciplinary expertise in geochemistry, surface and
groundwater hydrology, environmental engineering, water quality modeling, fish
biology and bioaccumulation, statistics, and geographical information tools

Asked by ORD Assistant Administrator to analyze fate and transport of GKM release
ORD/NERL Subject Experts Working on the Project

* John Washington, Geochemistry

* Chris Knightes, WASP, water quality

« Mike Cyterski, Data analysis, statistics

* Kate Sullivan, Hydrology, project lead

* Craig Barber, Fish effects

* Steve Kraemer, Groundwater

* Anne Neale, Megan Mehaffey, EnviroAtlas

* Lourdes Prieto, GIS, data acquisition
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The Gold King Mine release traveled downstream from
Cement Creek as a wave of water and a plume of metals

Waove was measured ot USGS goges within first 100 km
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i Animas below Silverton (A72) (RK 16.4)
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Cement Creek (RK 12.5)
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Flow helpful in identifying
plume from GKM to Durango

1.2 million gallons traveled as main body of plume
{area under the plume peak minus baseflow)

Plume Yolumes {galions)

3,508,608
3,000,000
2,500,000
&,000,008
1,500,000
1,000,000
S04, 000

&

GEM Plume Yolume

Bakers
Bridge

Below Tacoms

SHvarion

Cement Cr gango

For Cement Creek this volume represents

the first 45 minutes of the release
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Sondes were helpful in identifying GKM plume in the Animas Computed as ratio of conductance at peak to
from Durango to Farmington conductance at start of rise

* Bulk of plume concentration Normalized
. . 498 Sonde GKM Plume Shape Fastor
So Lt Inddian Teilee (SUFT) A8 193 ot BE 108 passed each location in 12 hours g
- fhusg 4 t0 35, 10151 = o BFT8.3 {RE 104
e E
E oo * Plume maintained same “shape” = | [/ 3 ¢ ARTE (R 108)
5 0,56 - 87705130 . & 1.240 FAR U5 (RK 135
b : as it travelled 2 - _
g o - e SEAOIE 3 (R 184)
2 : . . S T A G017 (R AR
fg AL - @ Relatlve peak decllned § ‘45 S8ARINT.T (RK 188}
5= k i
?g CECE (plume flattenEd) £
. 2
2,38 S A S Peak of Sonde Shape Factor 8 140
B 125 S 108
Shape factor suggests a sonde LIREE &
L 49z Mo, b
could not have detected the GKM | ol G L.
e . : BB I g e
plume by the time it reached Bluff s ) e g 2 & & 8 48 12 14
Utah (RK 378) mj f o Vﬁ'gff?;;é’gm? - Hours Since Arrival of Plume
o sen oo ses 4o son We refer to normalized constituent concentration
Distance from GEM [ through the duration of the plume as the “shape factor”
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GKM Analysis Road Map

Contaminant Source

EXPOSURE PATHWAY e

Fate and
Transformation

— Potential Dose

Transport ———>

WASP simulates transformation

Metal load from GKM
calculated:

Mine and water
samples

Measured hydrology
in the receiving water

WASP water quality model

> and deposits/entrains mass

T— ; .
. based on process mechanics

——— . Screen exposure:
Sy , . ki

™ e, | Compare to water
. quality criteria for

--Empirical model calibrates WASP
--WASP helps empirical recognize plume

Simulated GKM

. Empirical Analysis reconstructs | /

Depicts:

Software Model

Empirical Analysis

. plume concentration at

Empirical Analysis assesses mass
transfer between locations--allows
1 tracking of GKM mass, deposition

Groundwater models (MODFLOW,
GFLOW) assess potential for river alluvium

contamination as plume passes Empirical assessment of
A ’ measured bed sediments

%
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Ideal
Sample

Cov

Plume concentration and mass empirically reconstructed from sample data

erage

Concentration {ug/

ERIHIERE

Common
Sample
Coverage

.
~a
.
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.
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.
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at 12 sites (7 in Animas River and 5 in San Juan)

~72

Samples During ~70
GKM Plume
4

4
(Cement estimated,  (NM 0675J088.1, §|4C
Bakers Bridge, SUIT and UDEP at 160 xing,

sites AR 19.3 and UDEQ §] at Mex Hat
NAR 06,

Samples Very
Near Peak

Combining all data: EPA Regions 6,8,9; N Mexico, Utah,

Southern Ute Indian Tribe, Navajo Nation, U.S. Geological Survey
Most sites required us to establish peak concentrations to
appropriately reconstruct the GKM plume
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Empirical GKM Plume Construction Method

Total Aluminum * Determine plume shape from flow or sonde
§6, 000,008 -

Loonventration {ugfl)

@ Peab @ Oither . o
_ ’ * Animas River:
Loo0,000 B ST . . . .
L T s no7s * Peak concentration guided by most timely samples at each site and
108,008 D at watershed scale
* 4 sites measured very near peak used observed values
§6,0060 - . . s . .
; * For others, peak of 8 key metals individually calculated with regressions
- I {shown at left)
T
Y 50 160 150 206 * Metals Al, Ar, Cu, Mn, Fe, Pb, Ni, Zn show
Distance from Sournce (k) strong trend like those shown
Total Arsenic * Actual regressions used the natural log of concentrations
10,000 .8 (Rz of each > 098)
. B @ Peak Other .
= Y * Interpolate concentrations between observed and
ERA B estimated values
3 : ®.
£ oo e, * San Juan River:
@ e T «
£ " 9 n P * No comparable relationships for estimating peak
¥ s aEsgexrie ©
R =0.9999 N * Interpolate between observed values only
§ : g - Y
0 50 100 150 206
Distance from Souwrnes (and DRAERY
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Concentration (myg/L)

Examples of Empirical Reconstruction of GKM Plume
Summed Colloidal/Particulate Metals associated with Plume

\ oo Animas below Silverton (RK 16 4) . Animas at Durango (RK 94.2)
e pee e . e IR ERIRRENE a0
7,000 E Summefl colloidal/particulate metals o sample s 3 Summed o Sample .
cooo iox Eoirical P colloid|/particulate
s i § —— Empirical ;m o g metals g Empirical S
i : & B »
5,000 g 444444444444 Streamflow » rrE BaCkg round (= S — Streamflow ’:E_
4,000 : % metals 5 3
%000 I £ removed in = 5
2,000 ";‘ i n L. . 2 H %
. ; this illustration  § 3
1,000 ¢ e Y .
a i%; ..... Mé“o ..... o s °"W¢S§ 85 - g .
. N Ani £ Azt RK 1641
--Metals concentrations estimated * Observed data anchors o S )
every 15 minutes all calculations W | Sumn :

. Lo -~ 80 ‘ colloidal/particulate 3}
--Concentratlons mu‘tlphed by ﬂOW ® Errors possible With "‘g ;z ‘ metals - Empirical =~048 §
volume every 15 minutes from every choice Y I e— specic 1 0ds B

= conductance | o

USGS gage data to compute mass , £ w0 s
. * Errors don't tend to S m o

--Mass summed for plume period te t ¢ sit 5 ow
. . ropagate to next site &

to determine GKM metals delivery propag 10 ”

o die @ie aile Eia eTe TS e e e
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T e ey

5 5 8kt 2 B G Q8 =58 0 e & 33
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The WASP Modeling Framework was used to develop
e The “Gold King Mine WASP Model” (“WASP Model”)

This was designed to investigate
e Movement and timing of the plume release
- Time for the plume to reach a location
- Duration of the plume at a location

e Concentrations in surface waters and sediments
- Total Particulate Metals
- Total and Dissolved Arsenic, Copper, Lead, and Zinc

n
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- Yol
UL, 3 (, aC

Control
Volume

dy ay\ 7oy

et | E, j + Sources and Sinks

ouU C aC )
) 3 5 +6(E ec
Ox A Ox 7

Dynamic differential mechanistic mass balance
Simulates concentrations in surface water and sediments
Spatially and temporally explicit
Range of Water Quality Problems
Separation of Processes
— Transport {Advection, Dispersion, Settling, Resuspension)
— Kinetics {Sorption)
Simple hydrodynamic modeling approaches for water routing

DY AEY Tosryen Y OBOT S
LARAE L R S SRk
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BASINS used to download shapefiles for the Animas and San Juan Rivers
NHDPIlus dataset to delineate model domain
WASPBuilder tool to construct WASP segmentation

Stream network edited to include/remove segments until boundaries were
continuous, non-branching/non-braiding

Segments were divided into lengths with approximately equal travel time, defined
using length and slope.

Total of 458 WASP segments

e 229 surface water and 229 sediment layer segments
Average length: 2447 m

Minimum length: 922 m
Maximum length: 4655 m

13
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Three upstream boundaries

- Cement Creek

« upstream confluence w
Animas

* downstream of Gold King
Mine
-~ Animas River
o upstream of Cement Creek
- San juan River
+ upstream of Animas

SGS gage flow

- Flows divided along stream
to match gages

inflows

Gold King Mine

USGS Streamilow Gages
Lake

5 B-dligit HUC Watersheds
"“Ai'\.' Wasp Segments

o

WASP Boundary inflows o

EIEIRL 2 30 i
R Kilomaters £
Wesassssssi "~ soameessaseasean MZ5,

[ o5 i
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Outflow

&

Q: flow into and out of each segment (m3/s)

diffusion

Coq+——> C-Tot,

water column

Tot,

settling

. resuspension

suiface sediment

burial

Tot,: Sum total of all particulate metals in the system (mg/L)

C,, Filtered individual metal concentration (mg/L)

C-Tot,: Particulate metal (mg/L)

C;=C,, *+ C-Tot,: Unfiltered individual metal concentration (mg/L)

K~ coefficient for partitioning metal between dissolved and total fraction

aq,out’

out’

TOtP,out 7

C—Tot,,,out

Lumped K

C orbed

«W C-Tot,
C

solid -

We use K, as a lump parameter. A dissolved
metal can sorb onto particulates or it can
mineralize and precipitate out of solution. We
lack sufficient geochemistry data to discern
between these two, so we use a lumped
parameter term, K, developed using
empirical data.

15
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125 39,1084 2g9.052 129.551 631.870 155.320 ;301 70916 1.029 157118
15.4 7,193.9 5.400 24.100 128.000 34.200 0.004 10.716 0.385 30.552
64 8185 0:554 2:352 12.012 3506 0:001 0:18¢ 0:002 1.700
94.2 269.0 0.149 0.672 4.454 1.666 0.001 0.010 0.001 0.187
132 1039 0058 0:232 1410 0:535 g:000 0:002 0003 G011
154.1 42.6 0.017 0.074 0.345 0.270 0.001 0.002 0.000 0.004
190.2 397 0:015 0:065 0.300 ;240 0:001 0:003 0:000 0:.005

Supported by modeling
of dissolved metal
concentrations invoking
electrostatic and
chemical equilibrium
with suspended colloidal
Fe(OH), where observed
dissolved values are used
to solve for sorption site
density

Partiion Coefficlent

Partition Cosfficient Regression modsd

flog K.
@

aaaaaaaaa

y= L1808 + 1.4388
RE = .8848

%

. 2un 300 4050
Fiver Kiloneter

Partition Cosfficient
fHog Ky

g ForZm e

¥ = 4 5855In{K} - 17,800
R® = 00,8903

308

5 16 Ps
Y River E%E?gmetér

300

Bartition Confficient

o . Partition Cosfhiclent Regrassion model
: for &s
.
i‘f& 4 g = 05876l + 2,8500
= R = 0.488
I 160 200 360 4O%

River Kilometer

Bartitien Losfficient

flog K}

g - Partition Coefficiant Regression Mode!

for
&
4
¥ = L.713%ni - 2.7553
R® = 0.5703
2
¢

. ion 300
River Kilomsder

408

K, was calculated using
empirically-estimated
peak concentration data.

A regression was used to
develop a relationship for
K,versus distance.

The value for K, at 200 km
was used for the length of

the San Juan River

18
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Percent Sorbed

Percent Sorhed

Transition of Metals from Dissolved to Solid Phase

it at Peale of GEM Plume

A, Model Pradictions o ) ) ) ¥
o0 HF Ot {}g/L Individual metal ions sorb to Animas River g [ofizofEdsane s s 8e L g
10 e . f . ge R? = 0595 ."'.
ﬁ 7“‘“‘“ solids in specific pH ranges samples can be 7 ‘f-“‘
g0 | .
translated from . 6 o
6{) i“ H ” . H <N A
o Graph of “sorption edge” at d|§tance jco pH.wuth 5 e
a0 | left shows range of pH for 6 this relationshipto  «. .- _
. . . . * regression computed through RK 132
ga metals of interest (e.g. Smith mimic the sorption 3§ where background pH 8 achieved
{} 1995, graphic from Church et al. 1997) curve 5 - _ _
3 4 5 g 7 g & g 100 158 288
QH Dristancs from Sourcs {dlometers)
Sorption of metals to solid forms in the Animas River followed the pattern of pH increase
Portion of Sample In Solids ¢ Metals that sorb at low pH existed in Portion of Sample in Sofids
B g A i dissolved form only in Cement Cr E
\‘N . o .
« and in Silverton area where pH < 4 T aa Fadmium
)
Se——— 0 D19501VEd copper persisted to B ooy
Durango where pH reached 7 g
o % g4
* Metals that sorb at higher pH B
: traveled farther downriver in 8.2
8.8 o : : dissolved form into lower Animas 8.0 mmendnrns
3 4 5 & 7 8 4 [ b E
pH pi
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12.5 489,636 17 4,251 0.246 0.92 8.4 0.010
16.4 369,131 20 68,058 0.173 0.70 0.4 0.002
640 305,100 18 37,102 0.690 0.81 2.9 0.006
94.2 94,546 1.7 46,312 0.161 0.82 0.5 0.003
132.0 79,364 19 37,805 0.379 0.85 1.7 0.005
164.1 49,268 2.7 30,269 0.100 0.86 0.8 0.003

Empirically-estimated total mass at different locations used to estimate settling velocity

Distance
WMMMMMMMM"""M .
Depth T Fraction of mass settled
Settling velocity o
.
Distance

Ti T [ =
ime of Trave Stream Velocity

Average Depth

Settling Velocity = F tion M Settled
ettling Velocity raction Mass Settled * Travel Time

Silt-sized
particles

18
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Segment Length, Width,
Depth, Volume, Slope

Stream Description BASINS, NHDPIlus

Hydraulic Geometry VelocEi% gggnliepth USGS G;ggr(;;:isosr;section,
Bottom Roughness  Manning’s Roughness Calibrated
Stream Flow USGS Gages
GKM Release Load Estimated from Empirical Data
Settling Velocity Estimated from Empirical Data
Partition Coefficients Estimated from Empirical Data

19
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Both models begin at concentrations
estimated for Cement Creek at peak

Estimated Concentration Cement Creek 12:45 Aug 5; 2015

Analyte

Aluminum
Antimony
Arsenic
Barium
Berylivm
Cadmium
Calcium
Chrormiom
Cobalt
Copper
iron
Lead
Magnesium
Manganese
Mercury
Molybdentim
Nickel
Potassium
Selenium
Sitver
Sodium
Thallium
Vanadim
Zine
Sur (Al
Major Cations
{Ca K, Mg, Naj

Total Metals
{wfo major
cations}

Digsolved

619
et
030
0:07
023
067
4438
.01
1.26
70:92
268
103
1969
20591
D0
002
455
40.62
.03
D02
17:.99
a2
e
157:12

4,019

2/694

1,325

Fraction; mg/L

Colloidalf
Pafticulate
2717
142
28,75
34.28
025
.00
836
249
0.08
5863
34,785
630:84
7819
53:43
387
707
043
FOFT4
.85
3.0
6461
042
1925
3.800

39,084

725

38,360

Total

3,336
113
29.05
34:35
048
0.58
1,603
249
136
12955
35,053
631:87
9849
27534
8.87
710
0.97
74836
.88
392
82:60
044
1931
155.32

43101

3418

39,683

Empirical Model

Reconstructs plume at 12 locations
based on observed data

Locations selected based on nearby
USGS gages and availability of
sampling data, often multiple agencies

Identifies plume based on flow,
sondes, or with assistance of WASP

Computes concentrations for
dissolved and colloidal/particulate
solids from field sampled data as
plume passes the site

Computes mass of dissolved and
colloidal particulate solids as plume
passes the site

Partitions between dissolved and
colloidal based on sample data

WASP WQ Model

Water quality modelling software
dynamically transports pollutants
downstream from source

River segments ~ 2 km in length

Moves water from segment to segment
adding water at joining streams
Suspends and deposits particles during
transit according to velocities relative
to particle size

Particle settling parameterized using
metal mass developed empirically from
observed data

Empirically partitions metals from
dissolved to colloidal/particulate solids
calibrated to sample data

The two approaches support one another but
do not necessarily produce the same results.

20
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Comparison of GKM Plumes modeled with Empirical and WASP models

Animas below Silverton (RK 16.4)
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Toral Watr Concantration (mpfl)

Total Waty Concentration {mgfl}

LOOG 5

Sample Data At Locations Followed Plume Pattern and
Generally Returned to Near Pre-event Concentrations Quickly

Animas below Sllverton RK 16.4 Animas at Bakers Bridge RK 64,8
o
51,000 5
£ ] %
& ~@=Fotal Metals et ;
. . 2
wfpMator Lations & 188 4
) 3 ) B N S R
44444444444444 « P 3
B A and Fe = ] -D=Trrin! Motals
& . .
L B R R ey Pebior Lathons
g IR A w48 and Fo
w 1 & el e B B
b g S L R e R
5 E
e ]
: I .
Be B B By By B & By By B g
T N TR T . A o, %, %, %, % Y %, % B %
% .yﬁ m;‘@ % “3%}‘ ,‘i{? @Q}{? J%\ y}%} 553\ “V%s@ "9% ﬁ% jf;ﬁ ‘%3_..2? & f;& ‘g*":;a 2 jﬁ‘ é\fﬁ ":%‘6
i SNy Y T T W

13 B

* Shown are 3 sites with best sampling during plume
event in upper Animas

-0~ Total Metals * Concentrations returned towards pre-event levels soon

- Major Cations after the plume passed
<<<<<< A1 ared Fe

»  Water quality during the post event period will be
explored in detail in Session 3
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Concentrations of
total summed
metals estimated by
WASP as plume
traveled 600km
from source through
Animas and San
Juan Rivers

Animation produced
using EnviroAtlas
web-based tool

Modeled Total Metals Resulting from
Gold King Mine Spill and Subsequent Erosion

tAssumptions: Mo chemical reactions, no settling out ol metals
concenirations shown are those fom event only

 Time: 08/05/15 11:22 AM_

4 Gold King Mins
pg f Liter

590
1614 - 28522

Yavajo Lands

salfingon o
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WASP estimated location of GKM plume compared to real-time
observations reported in the Denver Post as the event occurred

Contaminated riv

The Enwircransntal Protection
e 483/ 15 1306 Agency triggered the wastew
release Wednesday marpin
using heavy machingnyto
investigate pollutants at
King Mine nartl) of Silve

€. didedght, Tall Timbers, 50w

Tall
Timbers
Resort

then animas Riverd

B 1245 pam. :
A B EOWT $he
where Comernt Cried

s Aadrgach
oy the ;
Ry Gak

2 5230 s Thursday:
Fravels foward
Bakers Bridgd

Gilder Park

EICECHITER fHe
Glider Pol

F &g
Contani

Colorado /
New Mexico
state line

DURANMGE

Beveriana Gafwdn, The Dever Post

303 35S

River Kilomeier

The line on each graph shows the location and
time of the observation relative to the full location
of the plume at that time

1000 - . 5:30 am B/6, Bakers Bridge, §3.5 km

Baker’s
Bridge

Corcentration

Durango

River Eilometer
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Time g GEM Plome Peale

813

B8/12

81t

BiO

89

8/8

87

B/ &

HBEP Poale Time
mpirical Peak Time
Time
anchored
firmly by

jes

ngton

Durango

Four Corners

Mexican Hat

100 2040 300

486

500

00

Distance from GKM (River Kilometer)

feonceniraiton {mgfl}

Druration of Plume {hrs)

Poak Concsntration During GEM Plume

Estimated with WASPE and Em

irical

HYYAS

Maoded

3 Emmplrical

B8 -
an .
g -
&8 -
5¢ -
48
36 -
38

206 300 406

500

Dhntance from Source (R

Distancs frorm Source {RE)}
Plume Duration {(hrs)
&
L
2 R pity 304 408 500 LaHY

Plume timing firmly
established by
sondes from 100 to
200 km

WASP guides travel
time through the San
Juan River

Peak metal
concentrations
decline as plume
travels

Duration of the
plume increases as it
travels

Ave. Velocity:

0.9 m/s
3.1 km/hr or 1.3 miles/hr
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12.54 Coment Creek 10 0.7
16.4 Animas at Silverton 1.0 2.2
338 USGS gage at Tacoma 1.2 9.8
63.8 Animas at Baker's Bridge 1.3 20.2
94.2 Animas at Durango 1.6 38.1
104.0 So Utes AR19.3 1.6 41.3
109.0 SolUtes AR16 1.6 43.2
129.6 USGS at Cedar Hill 9363500 1.7 48.9
132 Soltes NARDS 1.7 50.4
1475 ADW 022 1.7 56.1
i64.1 At Aztec ADW 010, NMG6AnImas028.1 1.8 616
189.4 NMED 66Animas001.7, FW 040 1.8 68.4
190:2 Animas at Farmington {FW040} 1.8 $9.3
196.1 San Juan at Farmington {FW020) 1.8 70.7
196.9 Sanjuanat LP 1.8 707
204.4 NM 675anjua08s.1 1.9 73.1
2045 tVYW-030 1.9 731
214.4 SIFP 1.9 76.0
2463 SISR 1.9 842
295.8 SJ4C 2.1 100.0
2987 Utah 160 Xing 2.1 100.7
333.2 SIME 2.2 112.0
345.7 Utah nr Montezuma 23 116.6
345.8 SJMC 23 116.6
3648 Utah Swinging Footbridge 2.4 122.8
377.1 Utah Sand island 25 127.6
3776 SIBB 2.5 1276
421.3 SIMH 2.7 141.1
4215 Utah Mexican Hat 2.7 1411
510.7 Utah Clays Hill Ramp 3.3 172.2

WASP Simulations:
Plume Travel Time

For each river location identified by a sampling site:
* plume duration defined as the time for 99% of the
plume to pass

* time since the initial release at GKM for the plume
peak concentration to reach that location

 EPA, New Mexico, Utah, Southern Ute Indian Tribes
included in table.

Duration ranged from 1 to 3.3 days. Increasing in duration as
plume traveled downstream.

Bty
3000

AhARR

15,008

30,000
5,000

Concentration {mg/L)

3]

g
S
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Longitudinal Patterns in Water Quality

Longitudinal and temporal Exposure potential for * Straightforward graphing of .

patterns of metal various uses of water concentrations Session 2

concentrations (drinking, irrigation, * WASP modeling

mg/I recreation) * Animated visualization

Metals Mass (kg) Enables tracking fate of  Reconstruct GKM plume loads at

(concentration x flow) Gold King Mine individual sites as plume passed  gegsion 3
metals

27
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Peak simulated total and dissolved concentrations and empirically-estimated peaks

100

------------------------ Peak Cong Tolal

10650 -

----------------------- Paak Cone Total
i @ Arser"c Puak Cone Diss L Copper Pral Cone Diss
T&s ® & Total Particulate Oheerved ;55 10 . & Total Particulsls Observad
£ 3. ® Dissolved Observed E @ Dissolved Ohservad
fod & 3
B 2
= B - @ .
% s ;é 3.3 53
§ oo - & Soo1 -
g % & [} &
et - 8 e © 001 e
£.00403 : : : : : \. : : : B.0001 N ' . . N : o o
50 160 150 200 350 300 350 400 450 500 S0 106 350 280 280 300 350 400 450 SO0
Bhver KBomster River Kilometar
T T WG -
) _ 2 Lead ?eiak Lone T??ai Peak Conc Total
L Faal Cone Diss L hon o Peuk Cone Diss
S‘Z"g 0 - ,&@ & Tital Particulate Obesrved :‘é}g 10 ?c;‘taé E;aftécteéétg Obseryed
%d " : e, ; @ Dissolved Observed g . iesclved Ghoared
% a3 - [ B ® &
& 5o - &
& 8.0 - &
i
£ 4,001 - g o0 ®
83 ] o 8 @
[AX1:3:33 W o Py D001 -
2.00001 G.0001

4 8¢ 100 150 0 250 300 358 400 450 M

River Kilmmeler

53 180 150 200 250 300 350 400 450 500

River Kilometer

Highlights

* Orders of magnitude
differences along the
rivers

* Animas has strong
decline in
downstream direction

* And between total
and dissolved

* Zinc remained
dissolved longer than

other metals
{(consistent with pH)

28
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£

Likely affect of various factors on metals concentrations as
Metal concentrations GKM plume migrated downstream through the Animas River

declined by 4to 5
orders of magnitude
from those
estimated in Cement
Creek at the peak of
the GKM plume

Almost all of this
decrease occurred in
the Animas River

Dilution Decrease

Acid neutralization
drives Decrease
transformations

What contributed to

this decline? Deposition -

Decrease

Increase

Decrease

29
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Concentration
Relative to Source (%)

& &
oo T

Sk o WY o edd O
s T o JY o B voe R v S v ]

Dilution of Metals Concentration Due to Water Inflow

-

Cement Creek at Animas  {100%)

; Animas Below Silverton (20%)

i Animas near Tacoma (5%)

* Animas near Durango--0.7%

San luan in Farmington (0.5%)

5
i

¥ e

/ -~ 5an Juan at Ship Rock (0.3%)

B 1066 150 200 IR0 300 350 4040 450 504 554
River Kilomeater

WASP modeling was effective in quantifying dilution because
it tracks hydrologic change along the river

Metals concentrations in the GKM
plume were strongly diluted with
incoming flow to the Animas River
as the plume flowed south

Metals concentrations were diluted
to 20% below Silverton after 4
kilometers of travel as Upper
Animas, Mineral Creek and Cement
Creek join in this area

San Juan at Farmington
concentrations could not have
been more than 0.5% of what was
observed in Cement Creek

30
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Longitudinal Trends in Observed Total

Total Lead
1,060,000 r—
b E
& 106,000 1 @@w . 8/5 through 8/8
& E ss&&%*%@
. ssgg&ss
g Eg},ﬁﬁﬁg %@%&ss@ss-ﬁse&@ss@%@a@
T 1000 4
; . -
& E 3 A o o
£ o0
% 0 4
U =
& 55 § 60 i858 piaied
Rivar Km
Total Arsenic
1600008 :
o ] 8/5 th h 8/8
10,0008 18 rous
e 3 3 E
g 1600.0
& 1000 o &
£ ] 8 0
1 P ,
§ 19 4
1% J S ——— .
& 28 L HESH L]
Hiver ¥m

Grey circles: EPA
Yellow circles: So. Ute Indian Tribe

Green triangles:
New Mexico Environment Department

Metals concentrations
generally followed the
dilution pattern
computed by WASP
{shown as dotted

ater Concentrations in the Anj

Tots! Copper

orange line)

Several orders of
magnitude decline as
plume traveled from
source

Most observed data

lower than predicted by < 10,000 |
: 3

dilution alone
indicating losses from
deposition

All metals behaved as
shown for these 4

100,000
o 8/5 through 8/8
nnk
218,000
=,
& 1000
oot
¥
£ 100
§ 0%
§ 10
P
1 T T T T T T T T T T T T
¢ 50 100 150 00
River K
Total Ling
1,000,000 &
£ 100,000 { © 8/5 through 8/8
Bo 3
o
-% 1,000
f, 1
£ 100
8 E
g 10
e E
U I ) ' v v ! ' 1 v 4 T T T
0 50 100 150 200
River Km
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oncentration (ug/l)

Conceniration {ug/l

%

®»

Longitudinal Trends in Observed Dissolved |

etal Concentrations in the Animas

Dissolved concentrations of metals were much lower than total of metals but were high in headwaters near the GKM release

%

%

1,008
008

0o .

0.8

&

Dissolved Lead

Recreational Criteria

N D NN NN AT NN NN AR ANS AT NN AN AR AN AN NN NS R Ga

Aug 58

£ S

& 46, &
] 50 ke 150 200

Distance from Source (on}
Dinsolved Arsenic
e e o o ot o Recreational Criteria,
:

@ @

8 & 100 158 200

Distance from Sourss (o}

Concentration (ugfl)

Followed dilution pattern with orders of magnitude decrease in the Animas

Dissolved metals declined to background by the time the plume reached the lower Anima

DHesolved Copoey

1ORO0ED 4
Recreational Criteria
o OO i L i i PSRRI X
e _
310000 4
Son g
2 amo . @
o :
“% 100 :
8 10 &
3 :
0.1 : N : g - .
o G 100 150 300
Cistancs from Sowrcs {lan}
£1600,000 Bissolvad Zing
: Recreational Criteria
10000
100
& 38 100 15 200

Distance from Source (oan
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Geochemical
Transformations During
GKM Plume Movement

Yellow boy formation with acid
neutralization in a treatment pond

i

Two major concerns with
acid mine drainage

— Low pH
— High concentrations of
dissolved metal ions

The toxicity associated with
dissolved metals of the GKM
release (pH~2.9) was naturally
mitigated once the AMD entered
the Animas River system (pH 6-8)

33
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Amgrphous

% . { Solids

Ciryétatﬁim
Solids
Disanived

& High

B e

Low Activations,_ . ¢ Eneray
Energy \\ .

Amprphous
Solids

Dissaﬂv&d

L e Onidizing

¥ Secrystallization

© Crystalline e

@
| No Spontaneous |
: Reaction ‘

* Leww pH
+ Reducing

Sportangous
Resction

| ¢ hoderste pH

Eiffisive

{ays o ears)

Preforod
e el
Path

Under conditions expected in a deep
subsurface minepool, metals largely are
stable in the dissolved state (upper figure A).

When mine waters are released to common
river conditions (moderate pH and oxidizing),
Fe, Al and Mn generally nucleate and
precipitate to form amorphous or short-
ranged ordered oxide minerals in colloidal
form (e.g., ferrihydrite, gibbsite, birnessite)
that are prominent in AMD releases as
“yellowboy,” (B)

These solids slowly recrystallize to more
stable crystalline phases (e.g., hematite,

goethite, and ordered gibbsite and birnessite).

Key Definitions:

* Dissolved metals —
metal ions that are part
of the liquid solution.

* Colloidal and
particulate metals —
small particles
including metals, which
are dispersed in a liquid
solution, e.g. milk or

34
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Animas River:

Substantive .
remedial *
action

happens in
the Animas

Well buffered moderately alkaline pH

Kinetics of oxidation vastly enhanced

Major solute concentrations suppressed by hydroxide
mineral precipitation

Fast reaction rates favor amorphous to short-range
ordered, colloidal-sized particle formation

Charged colloidal surfaces foster continued suspension

Minor solute concentrations suppressed by partitioning to

incipient hydroxide colloids

* The river’s yellow color
signaled the occurrence
of oxidation and acid
neutralization

* Metals transformed

from dissolved to

colloidal/particulate
form

Abiotic Fe?* oxidation half-life at

Po; =0.2 atm.
pH
{su) Tz e
0 65.89 years

The same processes used o treat acld
mine drainage naturally occurred gs the
GEM plume travelled through the Animas

River

Cement Creek is too acidic
(2-4pH) for oxides to form
as plume travelled

Fe2* in the release waters
likely oxidized to Fe3*
guickly once the plume
reached the Animas River
where pH is 6-8
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nistr:

pht at Peak of GEM Plume

ok » 0.0384%distance + 3.12848
BE = (389
Ax

2
B
¥ - . A
&
&
4

pH

-.A....

o
' v
" triangles are measured data

,‘r‘ regression computed through RK 132
3 4 where background pH "8 achieved

& 5 180 {58 288

Sstance from Bourcs (kilomvsters}
pH increased linearly as the plume travelled downriver,
generally reaching river baseline of approximately 8.0 at
about RK 132 (NAR 06 sonde)

Geochemical calculations based on pH suggest
saturation with mineral phase such as calcite should be
largely complete by ~ 100 km

Si=0 indicates saturation with mineral phase
Negative Sl indicates water is undersaturated with the
mineral

Calcite Saturation Index

Dolomite Saturation Index

Saturation indices (Sls) for calcite and dolomite
with distance from Gold King Mine

£
0 L i
~&

& i~ .

A Calcite
- &
~6
-

100 200 300 400 500 600

Distance from GKM Source (km)

z
o ”
3
. Dolomite
& § &
-8 &
103 *
0 100 200 300 400 500 600

Distance from GKM Source (km)
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%

Samples collected close to peak show that
dissolved mass transitioned to
particulate/colloidal mass as the plume
travelled down river

Longitudinal pattern was consistent with the
geochemical predictions

Dissolved mass that entered the Animas
River at Cement Creek was 90% sorbed to
particulate/colloidal phase by the time the
plume reached Durango and completely
sorbed at the Southern Ute Indian Tribe
sampling site at river kilometer 132

Lumulative Borbed Mass (kg

Sorption of Dissolved Metals

20,000
15,000 -
10,000

5,000 -

Di

ssolved Load All Metals at Cement Cr = 15,000

127

16.4 64 94.2 132 163 | 190
Distance From Cement Junction (km}
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Minerds (grams}

hinerals {grams}

Mineralization Reactions Within GKM Plume

Simulated assuming a mass of calcite (CaCO;) such that

1 kg of peak concentration release water is just barely saturated with
calcite limestone at reaction’s end consistent with Animas chemistry at
150 km {Geochemist’s Workbench)

¢ Gypsum (CaS0O,) is supersaturated initially at low pH.

* Jarosite, alunite, and barite would have occurred in temporary phases

* Any of the temporary phases likely would have entrained trace metals
z T T T T T T T T T within the lattice

* As the temporary phases re-dissolved the trace metals would re-enter
solution.

* These trace metals would then be scavenged by the hydroxide minerals
and then migrated down the Animas River

* At reactions end, gibbsite, ferrihydrite, birnessite, gypsum and
dolomite precipitate from solution

ED_004888_00048674-00038




&

The mass of minerals precipitated from the GKM
plume can be calculated from the mass per | kg of
solution shown in the reaction path multiplied by
11,420,000 kg of solution mass in the GKM release

i

Approximately 16,000 kg of precipitate would have
finally formed into gypsum, gibbsite, and ferrihydrite
(Fe(OH);, primarily

Saturation with gypsum likely was relatively short-
lived, and any that precipitated would have re-
dissolved

13,000
8,084

6,000

Mass {kg)

4,000

2,000

Mineral Phases Formed During GKM Plume
11,420,000 livers solution

16,000 kg of precipitate

Cypsum

{£3ibhsite

Farrihydrite
Calcite

Maore Btable

@ % & oA @
B & = : A
@ e 4 @ &
g 2 B & =
g £ 2 7 =
£ g 3 g A
e 5 &
R
Temporary

Barite
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ver

Hugust P, 20815

* Plume readily visible in upper reach of San Juan 16,086 - o There was a lot of water
: oo fhiviviras ~O Bt fusan . .
« No dissolved metals from GKM plume /n/ E;Z?;';EE ?;:Se

* Massive influx of sediment from upstream San Juan 1,800 feeding the San Juan

River and shut down of
water withdrawals in the

T R - Animas River
& §30 208 380 408 580
Distance from GEM Source

» Continually gained sediment downstream

P
g
Bony
£z
R
T
w3
ng;wér-‘
[
&
o 5
= &
%,"v@
bl
w &
5 3
ey
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1,800 -
1,600 -
1,400 -
1,200 -

51,000 -

800 -

600 -

400 - ./

200 -

Turbidity (NT

430 -
A1 o o
390 -
37G -
350 -
330 -
310 -
290 -
270 -

Specific Conductancs

Sondes as Monitoring Devices in the San Juan River

San juan River af Farmington 067Saniuan88.1 - 2,000
1,800
e Trarhsiclity
- 1,600
41
- 1,400
44444 - 1,200
- 1,000
800
[] o] Q o < Q jon] < (] o < (] o < (] o < (]
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Sar Juan River st Farmington 087%anjuani8a.1
s Sy 2303
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Flow (cfs)

There was a lot going on
in the San Juan during
GKM plume passage

Increased flow from
Navajo Dam

High sediment
concentrations and
turbidity

Where is the plume?
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in the San Juan River
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Observing the plume in the San Juan River at Farmington
NM 675anjua088.1 at RK 204.4

San Juan Sonde at 47 8aniuaniiyd.d

820 Expected arrival of peak spec cond. arrival about 13:45 - LAg
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In comparing 5 available sondes, we note that
parameters tended to peak at different times as the
plume passed:
Specific Conductance < pH < Turbidity
+1 hr +2 hrs

Shape Factor

Bpecific conductance

48,58

48,08

3%.58

3%9.06

3850

38.00

GKM mine plume could be detected in
Sonde data because we knew when to look

Values in GKM plume within range
observed during higher flows

Londe Monitoring at R 204

Expected arrive time about 13:45 .18
i.is
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Peak Simulated Concentration of Total Particulates

104,000
P & Total Partizulate Observed
o A0000
o T Pesk Conc of GRM Phame
oo
L 1,000 ;’j San Juan River
& &
B2
o
B 100 -
o
=
¥ 1
&
&
$ 58 100 150 200 250 300 350 4040 450 300
River Kilometer
LB0000 - Paak Conc of Total Particulate Metals
10808 San juan River
:.;}}{}{?{?
£
£ g
i H
T g @ @3@‘ =
& E oD e ot st P g
8 § Sy @ g W ® Pask Cone with 3 Rachground
E ® % %@ p 8 B e P2 S of G Bhime:
&y ] g &§ﬁ? & Sdug
K e  BAug
W
& & F-Aug
33 - & Sebug
#  S-Aug
6.01 y g 1

& S¢ 10 358 200 350 30 350

River ilometer

408 450 308

i

Two cases simulated for total

particulate metal concentrations:

— One solely due to the GKM release  “As if flowing into

(red line)

— One incorporating the incoming
total particulate metals from the
San Juan River upstream of the

Animas River (black line)

Top figure: empirically-estimated Peak

Concentrations

Bottom figure: measured

concentrations by date and location

Model suggests San Juan upstream
metal concentrations account for rise in
concentrations in the San Juan River

distilled water”
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in the San Juan

Modeled Plumes
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Corwsninaion (gt

e

@
&

C.oncentrations {

bservations

We could not detect the colloidal mass in the GKM plume after about Ship Rock, New Mexico

August measurements, including storms GKM Plume
Trace Motsls Paak Stmulated Concentration of Totsl Particulates
100,000 -
g $0.060 & Total Particulate Ghesrved
Trace Metals j Eﬁ ’ R Peak Cone of GEM Plume
"‘E’ 1,000 ; San Juan River
£ /
%
% 100 -
g
g 10 -
ud
e . 2 H m:,m i : : 3 ; : : : : :
UK SR SO T S m b ] 50 100 150 260 230 300 350 400 450 LO0
e E u 1 e n a6s 2 River Kilometer
Bivser Ky
Water concentrations of metals in the San Juan tend
to increase as it flows westward, especially increasing Sources of metals unknown in this study

near Bluff and Mexican Hat, Utah and during storms
with sediment increases

46

ED_004888_00048674-00046




Dissolved Mass Transport in GKM Plume (kg)

Mass {kilograms}

i

20

Gold King Mine at Relsase Siis
Cement Creek BRE 12.5
Sndrnas at Silverton RBE 18
Animas at Baker's Bridge RK..
Anfrnas at Durange RK 9%
Animas 8t 5. Uie NARDS..
Anfmas ot Azter REIEY
Animas at Farminglon BEK 180
Background at Farmington..
San Juan at Farmeington R
Sary juan ot Shiprock RK 248
San juan at 4-Corners RK 396
San Juan ot Bluff, Sand and..
San huan at Mexian Hal B¥.

8.0

Disscived Mass {(kilograms}

5.0

10.8

158

8.2

Lead

Pyl

20.8

Gold King Mine at Release Sile # 0.5
Cement Cresk RK 125

Anfrmas at Sihverton RK 1S

Aridmas 3t Baker's Bridge R 64
Animas at Durango BE %%

Antimias st So. Uis MARGS RE132
Anirnas 8 Azl RK 183

Ardmas ot Farmdnglon RE 190
Background at Farmington {RE 180}
San Jusn &t Farmington RE 186
San Juan at Shiprock RE 248

Sar Juan at §-Comnmers RK 396

Lan Jusn ot Blull, Sand slend RK 377
%an juan af Mexican Hat RE 423

Arsenic,

Gold King fine 2t Relegse Site
Coment Creak RE 12.5

Anirmas st SHverton REK 18

Andmas 23 Baker's Bridge BK 64
Arndmas at Durangs BKES

anfmas at So. Ue BAROS RRIZZ
Animas at Szter BK 183

Arimas gf Farmington REK %G
HBackground al Farminglon [RE 194}
%an juan af Farmington RE 188
San juan ot Shiprock BK 246

San juan at 4-Corners RK 398

San Juan at Blull, Sand land BY 377
San juan at Mexican Hat RK 421

Gold King Mins a1 Beloase Sis
Cement Creek BE 125

Animas at Slverton B I8
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San fuan at Mexivan Hat RK 421

Dissolved Mass {ograms}

& 508 1,800

1,500

2000

228

SN 1 Te
SrSsssnssTT—— 1530

S———————— 88
w108
® 36
40
e 146
§ 14
158
w72
w11l
S TS
140

Dissohed Mass {kilograms)
& 200 400

Zinc

GO

808

. 525

8
&8
87
¥ il
14
= 15
w41
s 31
= 34
47

481

¥32

Copper

ED_004888_00048674-00047




earching for Parameters that Correlate with

Tan fuan River 9 sites from RE 198 to 431
- {Hugust B-113
*  Low GKM sourced metal £ 300,000 ) Sediments were
. R B Dark circles closest 9] R
concentrations and silty £ § 250000 40 G plume elevated during the
water made tracking GKM 2 % 200,000 O GKM plume period
plume in San juan difficult = & ©
8 o § 50,800 N 5 2515
% o . o st ¥,
¢ Interest in correlating §°°°§ 00,000 o908 © 10,050 - -
metals with suspended o006 O @§§ P i Arirns —omSar funn P
sediment or turbidity ’ W@@ %
£ g Lol SRR O S e g k- £
* Not many sediment o 2,800 4,000 4,500 8,000 10,000 9 E g
measurements during or Suspended Sodiment Concentration {mgfl} 25 :
H §E
after' ,GKM plume orin Gan fuan River 9 sites from BE 196 to 421 ;‘"‘” §
historic data “ {Bugust 811} FU e - S R - -
@ . . . o HAR000 @ 100 300 300 400 500
B LOOked into COI’I’G'&tlng W|th = 140,000 Dark-circles closest to ) [Hstance from GEM Scurce
metals that correlate with g 120000 - GKMplume o
sediment 5 106,890
. 3 soo00 o @& O O
- Alumlnum § 50,340 ©
— lron g 40,008
= 30000
b o e
b ] 1008 4,004 &, 060 8,000 0,000
Suspended Sediment Concentration {ngfl}
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Metals Concentrations in Relation to Aluminum Concentration in the San Juan River

TOTAL FRACTION August to October 2015

£.088 : HL,B00 - g - 1,800
TOTAL LEAD S TOTAL ZINC : TOTAL ARSENIC S : TOTAL COPPER
Fid & '
u £y B @y .
i Pon Plume % o @ Mon Plume @ Mon Plumes LN o 5 Mo Plorme m-j‘}gﬂ
O N } g N
& blear GKI Peak | o, 0T amearcim peaic DA g oF T A Near GRIM Peak . s Mear GEM Pexk
1o - ; : . ; B ' - ;
. Sluring %; i ADuring ?;3 & Dsuring & iﬁﬁf aDuring
o - - o
B | Starm 2, 8 Storm 3, 8 Srarm Sn B Stoerm
° : : <
2 v Rt S AL -
g i B 8 kS
& - 2 &3 ‘5{5
g {4 : = g i -
& iy S E -
i 19 w &
: B
{80 {880 FBG08 164,800 1,808,000 \ '
iG8 1,000 0,000 00000 1,000,000 €LY [ 0,000 IG0.500 1000500 un 1000 10,000 100,008 1,000,000
Aluminimum Concentration (ugi} At Concentration fugi Ahwrninun Concentration {ugl) Alumimmn Concentration {ugfly

There is a strong correlation of these metals with aluminum and iron (not shown)
Isolating samples to expected GKM plume shows that the river was relatively “hot” for total lead and zinc compared

to the usual relationship with aluminum. Most prevalent in samples from Farmington to Ship Rock—peaks from 4
Corners to Mexican Hat fade into background

No elevated concentrations of arsenic and copper were evident.

Post-GKM storms carried more metals than the plume: the Aug 28 storm produced relatively low concentrations
while the Sep 26 event produced the highest observed values of aluminum and other metals
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Metals Concentrations in Relation to Aluminum Concentration in the San Juan River
TOTAL FRACTION GKM Plume Period + USGS historic from gaging sites

Lonteniration {ug/l)

§.000
: @ 14,000 3 {300 {080 - o
TOTALLEAD 3 b - &
% & : TOTAL ZINC i TOTAL ARSENIC TOTAL COPPER f;ﬁ
o Post © by T 0 Posy 8 ! @ - & @, 5
» & & G Pasy . o i 30
& Menr GRM Poak §j{‘€\ B & Plear GEM Poal ! Fost ﬁ@
S B ) 3,000 4 ) [21) 1 Abcar GEM Peak o A Resr GHM Feak
ADuring | Aburing Zi ’:g“’ o ADuring . )
Ho B Histeric @ = 150 - | ! & Yo - & Druaring o
S Historic o El g B 1 S bbistoric , @
e g = h @ -y & Historic
3 e Foe® 1%
. 1 ] . £
”“g‘]?w 8 m&&;@ TiE
& & i £
" : S
& & a %
T g £ o - Z s
g g g
é ) 3 B i :
C@d e [ g d x ‘
& bt
o
5
; ey g — H I Y b RS &mﬁ---&---:--&-m -------- e ; . . . . .
100 £,000 10,000 100,000 LOOG,000 O .00 F,000 100000 1,000,000 e LBGG D880 100008 1e0008e g o ) mﬁ} w’ ; ﬁa;{}w gm o000
tron Concentration {ugh) fron Concentration (ug/t}

fron Concentration {(ugfl) fron Concentration {ugil}

* Relationship to iron is shown because USGS rarely reports aluminum (virtually identical to Fe)

* Post-plume data generally within the variability of historic data
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Metals Concentrations in Relation to Aluminum in the Animas River

HAnirnas River Animas River

| 850.000.0 Brirras Bivey Andrnas River
o 104,008 15.008.0 109,008 |
: TOTAL LEAD : = Passt ' i : :
' TOTAL ZINC : - ‘
100,008 - i APlume : : TOTAL TOTAL COPPER
: © Historic # ’ ARSENIC .
:”;3:‘ : # Post & 10,000 - OODG - a 10,000 - # Paosy
e - A ;
E 1008008 upume N : - © spost ® : APhan LA
ot : = Y & Pl o A
: 2 & Plures ot . TR
g : <& Misteric g ’ = . ) S o Migtoric 4
o IR =8 B 1000 . SRl SRR A
E53 . "‘5 : s . E :
2 o i3 S
£ 1000 = & z ‘
; = o g ;
5 : § [ed g 8.0 y § EG8
3 9] & 3
: 5 e 19
1.8 : k :
8.1 crocegTy sy sy P T A N [1 8 o [E— R~ [ S : [
! 185 et LBG0O0 : ia0 L0000 § 500000 i 100 19,000 §,000,000 i R 100,000
Aluninum Concentration {ugi) Alurninum Concentration {ugil} Sluminn Concentration {ugfl} Alundinurn Concentration {ugil

* Relationships between metals and aluminum also holds in Animas River

GKM plume produced concentrations of metals relative to aluminum that were largely unprecedented in
historic data

* Post plume concentrations are generally lower
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Exposure Potential to
Metals from the Gold King
Mine Plume

EPA/States/Tribes/Municipalities managed
exposure during passage of the GKM plume
by curtailing water use for domestic supply,
recreation, irrigation and agriculture

What was the duration of potential
exposure?
* For aquatic life?
* |f exposures had not been
managed?
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Surface Water

Water Quality Screening Thresholds—Various Uses, Metals, Agencies

inmg/L

Screening Criteria

Drinking
Water
Related

Drinking water MCL

EPA (DWA)

Secondary Drinking

EPA (DWA)

Child Health Advisory 1-Day

EPA (DWA)

Domestic Supply.

Colorado

Domestic Supply,

New Mexico

Agricultural
{Irrigation,
livestock)

0.3

Calcium | Chromium |  Cobalt

Potassium i Sitver Sadium i Vanadiurm

Domestic Source Utah
Health Based Ingestion Utah
Recreational Region & o i
Irrigation Region 6 !
Irrigation New Mexico

irmigation {short-term)

utah

Agriculture

Colorado

Agricultural Supply

Navajo Nation

1840

1B00

Aquatic Life

Revised irrigation Region S
Livestock Region &
Livestock updated Region S
Livestock New Mexico
Livestock Utah o EEEDGEGGEG RGN GRG G eGRe . Highdgnd
tivestock and Wildlife
Watering Navajo Nation ; ot
Water + Fish Colorado

Aquatic Acute

Navajo Nation

Aquatic Acute

Region 6

Aquatic Acute

Region g

Aquatic Acute

Colorado

Aquatic An

New Mexico

Aquatic Acute

utah

Warm Water Fish 1-hr

Utah

Warm Wate 4-da

Urah

Agquatic Chronic

Urah

Aguatic Chronic

Region 6

Aguatic Chronic

Region 9

Aguatic Chronic

Colorado

Aguatic Chronic,

Nevajo Nation

Aguatic Chronic

New Mexico

Blue shading is dissolved

Hardness-based criteria
calculated at 180 mg/I
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¢ What criteria?

Selected criteria in each major use category using primarily state criteria

Appropriate state criteria were applied to each site depending on its location

Applied reach specific criteria relative to beneficial use designation in upper Animas in Colorado
Navajo Nation criteria for sites in the San Juan shown separately

¢ How applied?

GKM plume empirically-reconstructed plume at each of the |2 sites was screened against criteria

The number of time periods where estimated concentrations were equal to or greater than the
criteria were counted and converted to hours

Both dissolved and total criteria were applied

Tables that follow show total or dissolved hours for each beneficial use.
(Usually, one or the other fraction is used for a beneficial use—not both)

54
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Aquatic --Acute

GKM Plume Concentrations Relative to Water Quality Criteria

Hours at or above criteria during passage of the GKM plume

San Juan River

Animas River

Farmington  ShipBRock 4 Cornérs Bluff Mexican Hat
‘ el _[RK3778)  (RK 421-5\\‘
Aluminum %\m\\\\\\\m\\\ L
Antimony 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Note:
Arsenic 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 :
Barium 0,00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 Color coding is
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 not meaningful to
Cadmium 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 application of e
calcium 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 L
Chromium 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 criteria.
Cobalt 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
Copper 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 Colors were
Iron 000 000 0.00 Q.00 0.00 000 0.00 0.00 0.00 0.00 0.00 chosen by EXCEL
Lead 000 200 000 000 000 0.00 0.00 0.00 000 0.00 0.00 0.00
‘magnesium 0.00 5.00 000 0.00 poo 000 000 0.00 poo 000 00 0.00 to separate
Manganese 000 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 000 Q.00 relative
Molybedenum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 differences within
Nickel 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00
potassium 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 range represented
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 in each table.
Silver 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
sodium 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00
Thallium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vanadium 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
Zinc 4 : d 4 N | N | i . .

Not Designated
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GKM Plume Concentrations Relative to Water Quality Criteria

Aquatic Chronic Hours at or above criteria during passage of the GKM plume

Animas River San Juan River

Farmington . Ship Rock 4 Corners Bluff Mexican Hat

“““““““““““““““““““““ RK198 RK 245.3&
Aluminum &\\ \\\\\\\\ \\%
Antimony 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arsenic 000 00D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 Note:
Barium 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Color coding is
Beryllium 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 not meaningful
Cadmium 00D 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 to application of
calcium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .

; w( criteria.
Chromium 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cobalt 000 00D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
Copper 0.00 0.00 0.00 0.00 0.00 . goo 0.00 0.00 Colors were
Iron 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 chosen by
Lead : 00D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 EXCEL to
magnesium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
\I\\X;\ganese 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 separate
Molybedenum 000 0.00 0.00 0.00 0.00 0.00 0.00 000 relative
Nickel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 differences
potassium 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 within range
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .
Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 represented n
sodium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 each table.
Thallium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vanadium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zinc 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T
Source co co co co co NM NM NM NM Utah Utah Utah

Not Designated
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GKM Plume Concentrations Relative to Water Quality Criteria

Domestic Supply Hours at or above criteria during passage of the GKM plume

San Juan River

armington Ship Rock 4 Corners Bluff Mexican Hat
{RK1986) [RK2463)  (RK2958) (RK3776) @ (RKA21

Aluminum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 \\\ \\\N%\\\\\\\%\\\ Note:

Antimony 0.00 0.00 0.00 0.00 0.00 0.00 . .

; 5 Color coding is
Arsenic 0.00 0.00 000 000 0.00 0.00 &\\ \\\\\\\\\\ \\\\\\\\\\ \\X ) g
Barium 0.00 000 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00 250 not meaningful
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 to app lication of
Cadmium 0.00 0.00 150 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 wq criteria.
calcium 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 oo oo
Chromium 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 goo 0 gEg
Cobalt 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 Colors were
Copper 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.50 chosen by
Iron 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 EXCEL to
Lead 0.00 0.00 0.00 000 0.00 0.00 separate

_magnesium 0.00 000 .00 0.00 0.00 0.00 000 .00 0.00 |p .
Manganese 0.00 0.00 0.00 060 000 0.00 0.00 0.00 0.00 \\\ \\\\\\\\\\\ \\\\\\\\\\\ \\\\ r"?‘ ative
Molybedenum 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 differences
Nickel 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00 within range
potassium 0.00 000 .00 0.00 0.00 0.00 000 .00 0.00 0.00 0.00 0.00 .

- represented in
Selenium 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silver 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 each table.
sodium 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
Thallium 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 \\\\\\\\ \\\\\\\\

Vanadium 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 050
. . . . . . . . ; 0.00
B
Source co co co co co NM NV NM NM Utah Utah Utah
Not Designated Health Based Ingestion

Drinking Water
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GKM Plume Concentrations Relative to Water Quality Criteria

Recreation Hours at or above criteria during passage of the GKM plume

Animas River San Juan River

armington ShipRock | A Comers Blutt Mexican Hat

Aluminum 150 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Antimony 6.00 6.00 0.00 D00 D00 D00 0.00 b.00 b.00 0.00 .00 .00 Note:
Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Color coding is
Barium 0.00 0.00 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 not meaningful
Beryllium 000 000 .00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00 .
to application of
Ca B.75 0.00 a.00 a.00 a.00 6.00 6.00 6.00 0.00 0.00 0.00 e
calcium 0.00 0.00 .00 .00 .00 0.00 0.00 0.00 0.00 0.00 0.00 wq criteria.
Chromium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 D00 D00 D00 0.00 D.00 D.00 0.00 0.00 0.00 Colors were
0.00 D00 D00 D00 0.00 b.00 b.00 0.00 0.00 0.00 chosen by
050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 EXCEL to
Fi— R — ——— ",
magnesium D00 bon 0.00 a.00 a.00 a.00 6.00 6.00 6.00 0.00 0.00 0.00 pa.rate
‘Manganese 0.00 0,00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 relative
Molybedenum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 differences
Nickel 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 within range
potassium 6.00 6.00 0.00 D00 D00 D00 0.00 D.00 D.00 0.00 0.00 0.00 represented in
Selenium 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 each table.
sodium 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
‘ 125 0.00 a.00 a.00 a.00 6.00 6.00 6.00 0.00 0.00 0.00
Vanadium 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zinc 1.50 0.00 0.00 0.00 0.00 0.00 .00 Q.00 Q.00 2.00 0.00 2.00
Source EPA Region 8

E
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GKM Plume Concentrations Relative to Water Quality Criteria

Agriculture Hours at or above criteria during passage of the GKM plume

Animas River San Juan River

armington ShibRock 4 Corners Bluff Mexicarn Hat
(RK196)  (RK246.3) (RK295.8) (RK3776) (RKAZLS)
Aluminum 0.00 000 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00

Antimony 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Note:
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . .

- Color coding is
Barium 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 .
Beryllium 0.00 ; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 not meamngful
Cadmium 0.00 . 0.00 0.00 0.00 Q00 0.00 0.00 0.00 0.00 000 000 to application of
calcium 0.00 . 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 wq criteria.
Chromium 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cobalt 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08

Colors were
250 0.00 0.00 0.00 0.00 000 0.00 0.00 h b
,,,,,,,,,,,,,,,,,,,,,, . chosen
\\ ........ \\\% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Y
0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 EXCEL to
_ 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 separate
Manganese 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 relative
Molybedenum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 differences
Nickel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 g
: within range
potassium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 di
Selenium 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 represented in
Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 each figure.
sodium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Thallium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08
Vanadium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00

Zinc .00 000 .00 .00 ;00 000 000 0.00 0.00 0.00 0:00 0:00
Source co co co co co NM NM NM NM Utah Utah Utah

:\ A
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Livestock

GKM Plume Concentrations Relative to Water Quality Criteria

Hours at or above criteria during passage of the GKM plume

Animas River

armington Ship Rock

IRK196)  [RK 245.3)

San Juan River

4 Corners Bluft
[RIC295.8]  (RK377.5)

Mexican Hat
{RK 421.5)

Aluminum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00

Antimony 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 000 0.00 0.00 0.00 Note:

Arsenic 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 0.00 0.00 0.00 . .
Barium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Color codi ng s
Beryllium 0.00 000 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 not meaningful
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 to app lication of
calcium 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 9.00 0.00 0.00 wq criteria.
Chromium 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00

Cobalt 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00

Copper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Colors were
fron 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00 chosen by

Lead 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 EXCEL to
magnesium 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 0.00 0.00 0.00 separate
Manganese 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 0.00 0.00 0.00 relative
Molybedenum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .

Nickel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 differences
potassium 0.00 0.00 0.00 0.00 0.00 000 000 0,00 0.00 0.00 0.00 0.00 within ra nge
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 represented in
Silver 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 each table.
sodium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Thallium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Vanadium 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.00 0.00 0.00

Zinc .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NM

Source

co

co

co

co

co

NM

NM

NM

Utah Utah Utah
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GKM Plume Concentrations Relative to Water Quality Criteria

Navajo Nation

Hours at or above criteria during passage of the GKM plume

San Juan River

Color coding is

to application of

not meaningful
wq criteria.

0

Location
Ship Rock
4 Corners

Bluff
Ship Rock
4 Corners

Bluff

Colors were
EXCEL to
separate
relative

Ship Rock
4 Corners

Bluff
Mexican Hat

differences
within range

Ship Rock
4 Corners

represented in
each table.

Bluff
Mexican Hat

Criteria

Agricultural

Supply
Livestock and

wildlife
Watering

Aquatic Acute
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Acute Aquatic Criteria

* Criteria for aluminum exceeded at all sites—mostly due to total criteria
— 0.5 hrs at Durango up to 8 hours at Silverton
* Criteria for cadmium, copper, lead and zinc exceeded for up to |12 hours
* Duration declined in downstream direction with general pattern of concentration

* No exceedances in most metals anywhere in Animas and for any metal other than
aluminum in Animas south of Durango

Domestic supply/water ingestion criteria for a number of metals exceeded in Utah segment of San
Juan during time of passage of GKM plume (due to health-based ingestion criteria based on total
metals)

Total aluminum is high in the San Juan River so that aquatic, Utah water ingestion criteria, and
Navajo Nation criteria for this metal routinely exceeded. In the San Juan River, aluminum
concentrations are related to flow

Even during GKM plume passage, most criteria for most uses were not exceeded
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Dissolved and total metals concentrations declined sharply from very high concentrations
near the GKM source as the plume traveled in the downstream direction due to dilution,
deposition, and geochemical transformations.

The potential toxicity of the dissolved metals in the AMD was mitigated as high pH in the
Animas River neutralized the acidity and precipitated metals as the plume traveled.

Dissolved metals were at pre-release levels by the time the GKM plume entered the San
Juan River. Metals concentrations generally increased in the San Juan River in the
downstream direction.

Concentrations retreated close to pre-event conditions within hours to days after the plume
passed.

Despite high metals concentrations, water quality criteria for most uses and metals were
not exceeded.

— Most exceedances in the upper Animas; few in the lower Animas.

— Exceedances in the San Juan river occurred in lower reaches but not upper reaches, with
most due to total aluminum
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